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METHOD, AN APPARATUS AND A
COMPUTER PROGRAM FOR
MODIFICATION OF A COMPOSITE AUDIO
SIGNAL

RELATED APPLICATION

This application was originally filed as PCT Application
No. PCT/F12012/050312 filed Mar. 29, 2012.

TECHNICAL FIELD

The invention relates to a method, to an apparatus and to a
computer program for modification of a composite audio
signal. In particular, the invention relates to a method, an
apparatus and a computer program for modifying one or more
sound sources of a spatial composite audio signal comprising.

BACKGROUND

Recording arrangements enabling spatial audio capture are
becoming increasingly common as for example mass-market
mobile devices are equipped with multiple microphones or
microphone arrays. While such recording arrangements
enable recording of a spatial audio image comprising mul-
tiple sound sources more precisely than before, such record-
ing arrangements typically eventually downmix the recorded
audio signal into a composite stereo or binaural audio signal,
where the multiple sound sources are not separable in a
straightforward manner. Hence, a challenge lies with process
of the user of the mobile device modifying the spatial audio
image of the recorded audio signal. Moreover, another chal-
lenge is a lack of intuitive processing tools and/or interfaces
for a user modify an audio image of an audio signal of any
kind.

SUMMARY

According to a first aspect of the present invention, an
apparatus is provided, the apparatus comprising an audio
analyzer configured to obtain information indicative of spa-
tial positions of one or more sound sources within an audio
image of a composite audio signal, and to obtain information
indicative of the types of the one or more sound sources. The
apparatus further comprises a user interface controller con-
figured to, for each of the one or more sound sources, deter-
mine a position in a display of the apparatus indicative of the
spatial position of the sound source and cause the apparatus to
display an item representing the sound source in the deter-
mined position in the display, wherein the item representing
the sound source is determined on basis of the type of the
sound source, to receive an indication of a user action asso-
ciated with an item representing a selected sound source, and
to determine an indication of a user selected modification of
the audio image on basis of the user action. The apparatus
further comprises an audio processor configured to modify
the composite audio signal in accordance with the user
selected modification.

According to a second aspect of the present invention, an
apparatus is provided, the apparatus comprising at least one
processor and at least one memory including computer pro-
gram code for one or more programs, the at least one memory
and the computer program code configured to, with the at
least one processor, cause the apparatus at least to obtain
information indicative of spatial positions of one or more
sound sources within an audio image of a composite audio
signal, to obtain information indicative of the types of the one
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or more sound sources, and to determine, for each of the one
ormore sound sources, a position in a display of the apparatus
indicative of the spatial position of the sound source and
cause the apparatus to display an item representing the sound
source in the determined position in the display, wherein the
item representing the sound source is determined on basis of
the type of the sound source. The apparatus is further config-
ured to receive an indication of a user action associated with
an item representing a selected sound source, to determine an
indication of a user selected modification of the audio image
on basis of the user action, and to modify the composite audio
signal in accordance with the user selected modification.

According to a third aspect of the present invention, an
apparatus is provided, the apparatus comprising means for
means for obtaining information indicative of spatial posi-
tions of one or more sound sources within an audio image of
a composite audio signal, means for obtaining information
indicative of the types of the one or more sound sources,
means for determining, for each of the one or more sound
sources, a position in a display of the apparatus indicative of
the spatial position of the sound source, and means for caus-
ing an apparatus to display, for each of the one or more sound
sources, an item representing the sound source in the respec-
tive determined position in the display, wherein the item
representing the sound source is determined on basis of the
type of the sound source. The apparatus further comprises
means for receiving an indication of a user action associated
with an item indicative of a selected sound source, means for
determining an indication of a user selected modification of
the audio image on basis of the user action, and means for
modifying the composite audio signal in accordance with the
user selected modification.

According to a fourth aspect of the present invention, a
method is provided, the method comprising obtaining infor-
mation indicative of spatial positions of one or more sound
sources within an audio image of a composite audio signal,
obtaining information indicative of the types of the one or
more sound sources, determining, for each of the one or more
sound sources, a position in a display of the apparatus indica-
tive of the spatial position of the sound source and causing an
apparatus to display an item representing the sound source in
the determined position in the display, wherein the item rep-
resenting the sound source is determined on basis of the type
of'the sound source. The method further comprises receiving
an indication of a user action associated with an item indica-
tive of a first sound source, determining an indication of a user
selected modification of the audio image on basis of the user
action, and modifying the composite audio signal in accor-
dance with the user selected modification.

According to a fifth aspect of the present invention, a
computer program is provided, the computer program includ-
ing one or more sequences of one or more instructions which,
when executed by one or more processors, cause an apparatus
at least to obtain information indicative of spatial positions of
one or more sound sources within an audio image of a com-
posite audio signal, to obtain information indicative of the
types of the one or more sound sources, to determine, for each
of'the one or more sound sources, a position in a display ofthe
apparatus indicative of the spatial position of the sound
source and to cause the apparatus to display an item repre-
senting the sound source in the determined position in the
display, wherein the item representing the sound source is
determined on basis of the type of the sound source, to receive
an indication of a user action associated with an item repre-
senting a selected sound source, to determine an indication of
auser selected modification of the audio image on basis of the
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user action; and to modify the composite audio signal in
accordance with the user selected modification.

The computer program may be embodied on a volatile or a
non-volatile computer-readable record medium, for example
as a computer program product comprising at least one com-
puter readable non-transitory medium having program code
stored thereon, the program which when executed by an appa-
ratus cause the apparatus at least to perform the operations
described hereinbefore for the computer program according
to the fifth aspect of the invention.

The exemplifying embodiments of the invention presented
in this patent application are not to be interpreted to pose
limitations to the applicability of the appended claims. The
verb “to comprise” and its derivatives are used in this patent
application as an open limitation that does not exclude the
existence of also unrecited features. The features described
hereinafter are mutually freely combinable unless explicitly
stated otherwise.

The novel features which are considered as characteristic
of the invention are set forth in particular in the appended
claims. The invention itself, however, both as to its construc-
tion and its method of operation, together with additional
objects and advantages thereof, will be best understood from
the following detailed description of specific embodiments
when read in connection with the accompanying drawings.

BRIEF DESCRIPTION OF FIGURES

FIG. 1 schematically illustrates a concept of binaural hear-
ing.

FIGS. 2a and 2b schematically illustrate a relationship
between the position of a sound source and the listening
position.

FIG. 3 schematically illustrates an apparatus in accordance
with an embodiment of the invention.

FIG. 4 schematically illustrates an example of the position
of an item representing a sound source on a display.

FIG. 5 schematically illustrates an example of items rep-
resenting sound sources depicted on a display.

FIG. 6 schematically illustrates an example of moving an
item representing a sound source from its original position to
a new position.

FIG. 7 schematically illustrates an example of options to
replace a sound source with a second sound source.

FIG. 8 schematically illustrates an example of options to
change the signal level of a sound source.

FIG. 9 illustrates an exemplifying process in accordance
with an embodiment of the invention.

FIG. 10 illustrates a method in accordance with an embodi-
ment of the invention.

FIG. 11 schematically illustrates an apparatus in accor-
dance with an embodiment of the invention.

DETAILED DESCRIPTION

An audio signal may comprise one or more channels. A
single channel audio signal may be referred to as a monaural
audio signal, a two-channel audio signal may be referred to as
a stereophonic audio signal, whereas an audio signal com-
prising three or more channels may be referred to as a multi-
channel audio signal. Alternatively, the term multi-channel
signal may be used to refer to an audio signal comprising two
or more channels. A multi-channel audio signal may be fur-
ther defined with respect to the spatial relationship of the
channels comprised therein, thereby defining the channel
configuration of the multi-channel audio signal. As an
example, the channel configuration may define for each chan-
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4

nel of a multi-channel audio signal a respective assumed
direction of arrival with respect to an assumed listening point.
Known examples of audio channel configurations include
stereophonic, Dolby Surround (four channels), 5.1 surround
sound (six channels) and 7.1 surround sound (eight channels).

A binaural signal is a specific type of a two-channel audio
signal, wherein a sound source may be represented in such a
way that it has a predetermined perceivable direction of
arrival. The perceived direction of arrival may also be referred
to e.g. as the position of the sound source in the audio image
or as the spatial position of the sound source. Perceiving the
predetermined direction of arrival in a binaural audio signal
typically requires listening by headphones, by using a pair of
loudspeakers arranged as a stereo dipole or using another
arrangement enabling prevention and/or cancellation of the
crosstalk between the two ears of the listener.

An example of binaural listening/hearing is schematically
illustrated in FIG. 1. A listener 120, depicted directly from
above, receives an audio signal originating from a sound
source 110 that is in a left side in front of the listener 120. As
the example indicates, the distance from the sound source 110
to the left ear of the listener 120 is shorter than the distance
from the sound source 110 to the right ear of the listener 120,
consequently resulting in the audio signal originating from
the sound source 110 being received at the left ear of the
listener 120 slightly before the corresponding audio signal is
received at the right ear of the listener 120. Moreover, due to
the longer distance, an audio signal originating from the
sound source 110 is received at the right ear at a slightly lower
signal level than at the left ear. Hence, the differences both in
time of reception and in level of received audio signals occur
due to the distance from the sound source 110 to the left ear
being shorter than to the right ear. A further level difference
between the signals received at the left and right ears may be
caused by the masking effect caused by the body of the
listener, by the head, the earlobes and the shoulders in par-
ticular.

In this regard, in the example of FIG. 1 the audio signal
received at the right ear of the listener is partially shadowed
by the head of the listener 120, thereby causing further attenu-
ation of the signal as received in the right ear of the listener
120.

A perceivable spatial position of a sound source in the
audio image of a binaural audio signal may be considered to
depend on an inter-aural level difference (ILD) and the inter-
aural time difference (ITD) between the two channels of the
binaural audio signal. The ILD and ITD reflect the fact that a
sound source in a certain position of the audio image emits an
audio signal that is typically perceived by the left and right
ears of the listener at slightly different times and at slightly
different levels, as illustrated by the example of FIG. 1.
Hence, the signal perceived at the right ear of the listener may
be considered as a time-shifted and scaled version of the
signal perceived at the left ear of the listener—and/or vice
versa. The ITD typically has a(n absolute) value in order of
few milliseconds at most. On the other hand, the ILD values
typically indicate level differences around 0 to 20 dB,
whereas ILD values up to 60 dB or even higher may be
encountered.

The ITD and ILD may be frequency dependent, thereby
suggesting possibly different values of the ITD and/or ILD
related parameters at different frequency bands of the binau-
ral audio signal for a given temporal segment—typically
called a frame—of the binaural audio signal. Hence, for a
given sound source in a given frame of a binaural audio signal,
an ILD and/or an ITD may be determined for a number of
frequency bands. In particular, for a given sound source in a
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given frame of a binaural audio signal segmented into a num-
ber of sub-bands covering the frequency band of interest, an
ILD and/or an ITD may be determined for a subset of the
frequency bands. As an example, ITD parameter may be
considered as a dominant contributor to the perceived direc-
tion of arrival of a sound source at low frequencies, hence
suggesting that an I[TD may be determined for a subset of the
sub-bands covering a predetermined portion of the frequency
band of interest of the given frame, for example frequencies
up to 2 kHz, whereas an IL.D may be determined for another
subset of the sub-bands or for all sub-bands of the given
frame.

While the ILD and/or ITD parameters may be considered
to accurately characterize a spatial position of a sound source
in an audio image, they may not be fully intuitive way to
characterize the spatial position e.g. for a human user.
Instead, a spatial position of a sound source in an audio image
ofamulti-channel audio signal, e.g. in a binaural audio signal,
may be indicated e.g. by a pair of angles. An example of such
an approach is schematically illustrated in FIGS. 2a and 24.
FIG. 2a schematically illustrates a view from above the
assumed position of a listener 120 with respect to a sound
source 110 positioned in left front side of the listener 120.
Line 220 represents a vertical plane (shown from above,
hence as a line) perpendicular to the imaginary line 230
connecting the (assumed) positions of the ears of the listener
120, and the intersection of lines 220 and 230 represents the
assumed listening point. Conceptually, FIG. 2a may be con-
sidered to depict the projection of the sound source 110 on a
horizontal plane at the level of the (assumed) positions of the
ears of the listener 120. Hence, for example an angle 210
between the line 220 and the line connecting the position of
the sound source 110 to the assumed listening point may be
employed to indicate the horizontal displacement of the posi-
tion of the sound source 110 with respect to the (vertical)
center axis of the audio image. Instead of angle 210 e.g. the
angle between the line 230 and the line connecting the sound
source 110 to the assumed listening point could be employed
to indicate the horizontal displacement of the position of the
sound source 110.

FIG. 2b schematically illustrates a view directly from left
of the assumed position of the listener 120, i.e. a view along
the line 230 of FIG. 2a. FIG. 25 depicts a line 240 represent-
ing the horizontal plane at the level of the (assumed) positions
of'the ears of the listener 120, whereas a line 260 represents a
vertical plane at the (assumed) positions of the ears of the
listener 120, the intersection of the lines 240 and 260 hence
representing the assumed listening point. Conceptually, FIG.
2b may be considered to depict a vertical plane perpendicular
to the imaginary line 230 connecting the (assumed) positions
of the ears of the listener 120 and the projection of the sound
source 110 on this plane. Note that this plane is the horizontal
plane represented by the line 220 in FIG. 2a. Hence, for
example an angle 250 between the line 240 and the line
connecting the position of the sound source 110 to the
assumed listening point may be employed to indicate the
vertical displacement of the position of the sound source 110
with respect to the (horizontal) center axis of the audio image.
Instead of angle 250 e.g. the angle between the line 260 and
the line connecting the position of the sound source 110 to the
assumed listening point could be employed to indicate the
horizontal displacement of the position of the sound source
110.

Consequently, the angle 210 may be employed to indicate
the perceivable direction of arrival of a sound source in the
horizontal direction, i.e. a horizontal component of the direc-
tion of arrival, whereas the angle 250 may be employed to
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6

indicate the perceivable direction of arrival of the sound
source in the vertical direction, i.e. the vertical component of
the direction of arrival. The angles 210 and 250 may be
considered as an intuitive way to characterize a spatial posi-
tion to ahuman user. Moreover the angles 210 and 250 may be
used as basis for visualizing a spatial position of a sound
source on a display, as described hereinafter. The angles 210
and/or 250 may be determined on basis of the ILD(s) and/or
ITD(s) by using respective predetermined mapping functions
or on by using a predetermined joint mapping function.

The horizontal component of the direction of arrival and
the vertical component of the direction of arrival, e.g. the
angles 210 and 250 described hereinbefore, may be deter-
mined on basis of the original audio signal(s) as captured by
a recording arrangement comprising a number of micro-
phones arranged e.g. as a microphone array. A microphone
array of three or more microphones having known positions
with respect to each other may be needed in order to capture
a direction of arrival with respect to a plane. As an example,
three or more microphones arranged in a row, i.c. on a(n
imaginary) line, in a horizontal direction may be employed to
capture three or more audio signals that enable determination
of the horizontal component of the direction of arrival of
sound source, e.g. the angle 210. One or more of the three or
more audio signals, together with the information regarding
the horizontal component of the direction of arrival may be
used as a basis for determination of a binaural audio signal
representing the captured audio image. A similar arrange-
ment of three or microphones arranged in a row in a vertical
direction may be employed to capture there or more audio
signals enabling determination of the vertical component of
the direction of arrival of a sound source, e.g. the angle 250,
thereby enabling determination of a binaural audio signal
representing the captured audio image.

As another example, a microphone array of four or more
microphones having known positions with respect to each
other may be employed in order to capture four or more audio
signals enabling determination of both the horizontal compo-
nent of the direction of arrival of a sound source, e.g. the angle
210, and the vertical component of the direction of arrival of
the sound source, e.g. the angle 250. Consequently, one or
more of the four or more audio signals, together with the
information regarding the horizontal and vertical components
of'the direction of arrival may be used as a basis for determi-
nation of a binaural audio signal representing the captured
audio image.

A binaural audio signal may be obtained or composed for
example by using a recording arrangement employing two
microphones, arranged at the two ears of a human listener or
in the ‘ears’ of an artificial head simulating a human listener,
or by using another arrangement involving microphone posi-
tions simulating the positions of the ears of a human listener
to capture sound(s) in a desired environment. Another
example of a recording arrangement usable for capturing and
generating a binaural audio signal is a microphone array
comprising three or more microphones in known constella-
tion providing three or more audio signals enabling determi-
nation and composition of a binaural audio signal, as
described hereinbefore. Alternatively, a binaural audio signal
exhibiting a sound source in a desired position of the audio
image may be constructed manually. As an example, such a
binaural audio signal may be constructed by using a suitable,
preferably monophonic, audio signal as a source signal and
creating a pair of audio signals based on the source signal,
wherein the audio signals of the pair of audio signal exhibit,
for each frequency band of interest, an ITD and an ILD
resulting in the desired position of the sound source in the
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audio image. Consequently, one audio signal of the pair rep-
resents the left-channel signal of the binaural audio signal,
whereas the other audio signal of the pair represents the
right-channel signal of the binaural audio signal.

An audio signal, e.g. a binaural audio signal or other multi-
channel audio signal, may comprise multiple audio sources
with perceivable direction of arrival. Such an audio signal
may be referred to as a spatial composite audio signal. A
composite binaural audio signal may be obtained by using a
recording arrangement described hereinbefore in an environ-
ment having multiple sound sources, thereby resulting in a
‘natural’ composite binaural audio signal. Alternatively, a
composite binaural signal may be obtained by manual con-
struction along the lines described hereinbefore by creating a
pair of audio signals exhibiting ILD(s) and ITD(s) resulting in
a desired position of the respective sound source in the audio
image for each of the sound sources and combining the sig-
nals representing the left-channel signal into a single left-
channel signal and combining the signals representing the
right-channel signals into a single right-channel signal to
form a composite binaural audio signal. Combining a number
of signals may comprise e.g. summing or averaging the sig-
nals.

A composite audio signal may also be a single-channel
signal comprising multiple audio sources. However, even
though it is possible to provide information indicating a direc-
tion of arrival of a single-channel signal comprising a single
sound source by providing suitable metadata therewith, it
may not be possible to provide such indication for a single-
channel composite audio signal comprising two or more
sound sources. Consequently, a single channel composite
audio signal may typically not be provided as a spatial com-
posite audio signal.

Any audio signal captured in a natural environment using a
recording arrangement described hereinbefore also com-
prises an ambient audio component in addition to one or more
distinct sound sources. The ambient audio component typi-
cally comprises any environmental noises, reverberations of
the distinct sources of the audio image due to objects present
in the recording environment, etc. Due to the ambient com-
ponent being part of a real-life a binaural audio signal cap-
tured in a natural environment, also man-made binaural audio
signals are typically constructed to comprise an ambient
audio signal component to improve the naturalness of the
audio image. Such a man-made ambient audio component
may be constructed for example as a linear combination of
delayed copies of the one or more sound sources comprised in
the composite binaural audio signal mixed together and
scaled atthe desired signal level to create an effect resembling
the reverberations in a natural environment. The ambient
audio component may be further complemented by including
pre-recorded or artificially generated environmental back-
ground sounds and/or noise-type signal of desired frequency
characteristics at a desired signal level to create an effect
resembling a natural environment of desired characteristics.

An ambient audio component of a (composite) binaural
audio signal typically exhibits relatively flat and slowly-vary-
ing frequency characteristics without a specific perceivable
direction of arrival or position in the audio image, hence being
a component of a (composite) binaural audio signal rather
clearly distinct from the one or more distinct sound sources
within the audio image of the (composite) binaural audio
signal.

A binaural signal, and hence the audio image thereof, may
be modified to include a further sound source at a desired
position in the audio image. A sound source may be created
by using a desired source audio signal as the basis for con-
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structing a pair of audio signals exhibiting desired 1LD(s)
and/or ITD(s) to provide the left channel and right channel
signals exhibiting the desired sound source in the desired
position of the audio image. The left and right channel signals
of the constructed pair may be combined with the respective
channels of the original binaural audio signal to result in a
modified binaural audio signal exhibiting a modified audio
image wherein the desired sound source is inserted in its
desired position. Quite naturally it is likewise possible to
further modify a binaural audio signal wherein a desired
sound source is inserted at a desired position in the audio
image by inserting one or more further sound sources in their
respective desired positions in the audio image.

A binaural signal, and hence the audio image thereof, may
be modified by changing the signal level, i.e. the amplitude or
the (relative) volume, of a sound source within the binaural
audio signal. The modification of the signal level typically
requires identification, separation and/or extraction of the
audio signal components representing the sound source of
interest in the two channels of the binaural audio signal, and
scaling the identified audio signal components to a desired
signal level before insertion back to the binaural audio signal.
The identified audio signal components of interest may be
provided e.g. as a pair of audio signals, one representing the
left channel audio signal component and the other one repre-
senting the right channel audio signal component represent-
ing the sound source of interest. In particular, the modifica-
tion may involve cancelling, e.g. subtracting, the respective
audio signal components from the respective channels of the
original binaural audio signal to result in an intermediate
binaural audio signal, scaling the separated and/or extracted
audio signal components to a desired signal level to result in
modified audio signal components, and inserting the modi-
fied audio signal components back to the binaural audio sig-
nal to result in a modified binaural audio signal.

The scaling of the pair of audio signals representing the left
and right channel components of extracted sound source
should be performed in such a way that the IL.D(s) and the
ILD(s) of the audio signal components are kept essentially
unchanged in order to guarantee keeping the sound source in
its desired position in the audio image. The insertion of the
audio signal components back to the binaural audio signal
may involve combining, e.g. summing or averaging, each
audio signal of the pair with the respective channel of the
intermediate binaural audio signal.

Modifying a signal level of a sound source of interest in the
audio image conceptually corresponds changing the per-
ceived distance of the sound source with respect to the listen-
ing point: decreasing the signal level makes the sound source
of interest to appear further away from the listening point,
whereas increasing the signal level makes the sound source of
interest to appear closer to the listening point.

As a specific example, modification of a binaural audio
signal by changing the signal level of a sound source of a
binaural audio signal may comprise cancelling a sound
source from the binaural audio signal. This may be imple-
mented for example by identifying and extracting the audio
signal components representing the sound source of interest
in the two channels of the original binaural audio signal into
a pair of audio signals representing the audio signal compo-
nents of the sound source of interest and subtracting each
audio signal of the pair from the respective channel of the
original binaural audio signal to result in a modified binaural
audio signal from which the sound source of interest is essen-
tially cancelled. While in a practical implementation it may
not in all cases be possible to completely cancel the sound
source of interest from the audio image, the cancellation is
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typically good enough for practical purposes due to ambient
audio component and/or other sound sources of the binaural
audio signal masking any possible remainder of the cancelled
sound source.

Abinaural audio signal, and hence the audio image thereof,
may be modified by changing a position of a sound source
within the binaural audio signal. Like in the case of moditying
the signal level of a sound source within a binaural audio
signal, modification of the binaural audio signal in order to
change a position of a sound source of interest typically
requires identification, separation and/or extraction of the
audio signal components representing the sound source of
interest in the two channels of the binaural audio signal, e.g.
into a pair of audio signals, one representing the left-channel
audio signal component and the other one representing the
right-channel audio signal component associated with the
sound source of interest. Consequently, the change of posi-
tion may be implemented as cancellation of the sound source
of interest in its original position in the audio image, e.g. as
described hereinbefore, to result in an intermediate binaural
audio signal, modifying the pair of audio signals representing
the sound source of interest in its original position in the audio
image in order to have a modified pair of audio signals exhib-
iting ITD(s) and/or ILD(s) corresponding to a desired posi-
tion of the sound source of interest in the audio image, and
combining, e.g. summing or averaging, each audio signal of
the modified pair with the respective channel of the interme-
diate binaural audio signal to result in the modified binaural
audio signal.

The modification of the pair of audio signals may comprise
for example taking one signal of the pair of audio signals
representing the sound source of interest in its original posi-
tion in the audio image as a source signal. Another example is
to temporally align the signals of the pair of signals repre-
senting the sound source in its original position in the audio
image and to determine a linear combination, e.g. an average,
of the temporally aligned signals as a source signal. The
temporal alignment of the two signals of a pair may comprise
time-shifting either one of the two signals by amount corre-
sponding to the original ITD between the signals of the pair
(possibly separately at a number of frequency bands?). The
modification of the pair of audio signals may further comprise
obtaining or determining the desired values of the ITD and
ILD (across frequency bands?) corresponding to the desired
position of the sound source of interest in the audio image and
constructing a time-shifted and scaled version of the source
signal, the source signal and the time-shifted and scaled ver-
sion thereof hence forming the modified pair of signals rep-
resenting the sound source of interest in the desired position
in the audio image to be combined with the intermediate
binaural audio signal.

A particular case of modification of a binaural audio signal
to change a position of a sound source in the audio image is
interchanging, i.e. swapping, positions of two sound sources
within the binaural audio signal. The swapping of positions of
a first sound source in a first position in the audio image and
a second sound source in a second position in the audio image
may be implemented for example by extracting the first sound
source into a first pair of audio signals representing the first
sound source in its original position in the audio image and
extracting the second sound source into a second pair of audio
signals representing the second sound source in its original
position in the audio image. Consequently, the first pair of
audio signals is used as basis for determining a modified first
pair of audio signals exhibiting the ITD(s) and/or the ILD(s)
corresponding to the second position in the audio image, i.e.
to exhibit the ITD(s) and/or the ILD(s) of the second pair of
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audio signals. Similarly, the second pair of audio signals is
used as basis for determining a modified second pair of audio
signals exhibiting the ITD(s) and/or the ILD(s) correspond-
ing to the first position in the audio image, i.e. to exhibit the
ITD(s) and/or the ILD(s) of the first pair of audio signals. The
first and second sound sources in their original positions in the
audio image are cancelled as described hereinbefore to result
in an intermediate binaural signal, and the modified first and
second pairs of audio signals are combined with the interme-
diate binaural signal as described hereinbefore in order to
determine the modified binaural audio signal exhibiting
swapped positions of the first and second sound sources.

A binaural audio signal, and hence the audio image thereof,
may be modified by replacing a sound source in its original
position in the audio image with another audio signal not
originally appearing in the binaural audio signal. This may be
implemented for example by cancelling a sound source of
interest as described hereinbefore and inserting a new sound
source in the corresponding position in the audio image.

The new sound source may be determined as a pair of audio
signals representing the new sound source in its desired posi-
tion in the audio image along the lines of definition of the
modified pair of audio signals described hereinbefore in con-
text of changing a position of a sound source in the audio
image by using a desired audio signal as the source signal.

A binaural audio signal, and hence the audio image thereof,
may be modified by changing the frequency characteristics of
a sound source within the binaural audio signal. The change
of frequency characteristics may be implemented along the
lines of change of signal level of a sound source described
hereinbefore, wherein instead of scaling the extracted audio
signal components e.g. a filter with desired frequency char-
acteristics is applied to the pair of audio signals representing
the audio signal components of the sound source of interest to
result in the modified audio signal components to be com-
bined with the intermediate binaural audio signal. The filter-
ing may involve or may be followed by processing that
ensures keeping the ITD(s) and/or the ILD(s) of the pair of
audio signals essentially unchanged in the modified pair of
audio signals to guarantee keeping the sound source in its
original position in the audio image.

Extraction of a sound source from a binaural signal com-
prising only a single sound source and modification of this
sole sound source of such binaural signal are rather straight-
forward operations due to the audio signal components rep-
resenting the sole directional sound source in the audio image
being the only audio signal components different from the
ambient audio component, which typically exhibits station-
ary or slowly-varying frequency characteristics thereby mak-
ing the ambient audio component readily detectable compo-
nent of the audio image.

In contrast, extraction of a sound source from a composite
binaural signal comprising two or more sound sources and
modification of one or more of the two or more sound sources
of such binaural audio signal may be computationally rather
intensive operations. Techniques of identifying, separating
and/or extracting a sound source from a composite binaural
audio signal comprising two or more sound sources are
known in the art. A non-limiting example of such a technique
is provided in Ron J. Weiss, Michael I. Mandel, Daniel P. W.
Ellis, “Source separation based on binaural cues and source
model constraints”, LabROSA, Department of Electrical
Engineering, Columbia University, New York, N.Y., 10027.

The discussion hereinbefore mainly referring to a binaural
signal equally applies to multi-channel audio signals of three
or more channels. However, in case of audio signals of more
than two channels the considerations with respect to deter-
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mining [TD(s) and/or ILD(s) corresponding to a sound source
and/or determining or providing audio signal components
with desired ITD(s) and/or ILD(s) involve consideration of
the ITD(s) and/or ILD(s) between channels of a number of
channel pairs of the multi-channel audio signal, or consider-
ation of the ITD(s) and/or ILD(s) of the (other) channels of
the multi-channel audio signals with respect to a reference
channel, instead of consideration of the ITD(s) and/or ILD(s)
between a single pair of channels of a binaural audio signal.

FIG. 3 schematically illustrates an audio processing appa-
ratus 300 in accordance with an embodiment of the invention.
The apparatus 300 comprises an audio analyzer 310, a user
interface controller 320 and an audio processor 330. The
audio analyzer 310 is operatively coupled to the user interface
controller 320 and the user interface controller 320 is opera-
tively coupled to the audio processor 330. The audio analyzer
310 may be operatively coupled to the audio processor. The
processing units of the apparatus 300 operatively coupled to
each other may be configured and/or enabled to exchange
information and/or instructions therebetween.

The audio analyzer 310 may also be referred to as an audio
analysis unit. The user interface controller 320 may also be
referred as a user interface control unit, a Ul controller or a Ul
control unit. The audio processor 330 may be also referred to
as an audio processing unit, an audio modifier or an audio
modification unit.

The apparatus 300 may comprise further components, such
as a processor, a memory, a user interface, a communication
interface, etc. The user interface may comprise a display, a
keyboard, a keypad or a corresponding arrangement of keys,
a mouse or a corresponding pointing device, a touchpad, a
touchscreen, etc. In particular, the apparatus 300 may receive
input from one or more external processing units and/or appa-
ratuses and the apparatus 300 may provide output to one or
more external processing units and/or apparatuses.

In particular, the apparatus 300 may comprise a recording
arrangement that enables capturing of multi-channel audio
signals for capturing a composite audio signal. The recording
arrangement may comprise for example a pair of micro-
phones or a microphone array. Alternatively, the apparatus
300 may be coupled or connected to another device equipped
with a suitable recording arrangement. Consequently, the
apparatus 300, for example the audio analyzer 310, may be
configured to receive a composite audio signal directly (or via
a suitable buffer) from the recording arrangement, thereby
enabling ‘live’ processing of the composite audio signal.

Alternatively or additionally, the apparatus 300, for
example the audio analyzer 310, may be configured to read a
composite audio signal from a file or from other suitable data
structure stored in a memory and/or to write a composite
audio signal to a file or to other suitable data structure in the
memory. The memory may be comprised in the apparatus 300
or in another apparatus to which the apparatus 300 is coupled
or connected.

Hence, the apparatus 300 may be configured to process a
composite audio signal while it is being received or played
back, i.e. to perform ‘on-line’ processing of the composite
audio signal, and/or the apparatus 300 may be configured to
process a composite audio signal read from a memory, i.e. to
perform ‘off-line’ processing of the composite audio signal.
The apparatus 300, for example the audio analyzer 310, may
be configured to write a captured, received or modified com-
posite audio signal to the memory.

The composite audio signal may be for example a multi-
channel audio signal comprising two or more channels or a
binaural audio signal, as described in detail hereinbefore.
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A composite audio signal may be a stand-alone audio item,
i.e. not associated with a specific additional item of media
data, or a composite audio signal may be associated with
another item of media data, such as a sequence of images or a
segment of video signal. In particular, a composite audio
signal may be associated with a segment of video signal
having similar or essentially similar duration as the compos-
ite audio signal, the composite audio signal and the video
signal hence constituting an audio-visual item with synchro-
nized audio and video components.

The audio analyzer 310 may be configured to obtain infor-
mation indicative of a spatial position of a sound source in a
composite audio signal and to obtain type of the sound source.
As described hereinbefore, the spatial position of a sound
source may also be referred to e.g. as a (spatial) position of the
sound source in the audio image. The composite audio signal
may comprise one or more sound sources, each sound source
having a respective spatial position in the audio image in the
composite audio signal. The audio analyzer 310 may be con-
figured to obtain information identifying the spatial position
of a single sound source, a subset of the sound sources or all
the sound sources comprised in the composite audio signal
and type(s) thereof.

As an example, for a composite audio signal associated
(and possibly synchronized) with a segment of video signal,
the audio analyzer 310 may be configured to obtain informa-
tion identifying the spatial positions of one or more sound
sources depicted in the segment of video signal and types
thereof while disregarding the sound sources that are not
within the field of view represented by the segment of video
signal. As another example, the audio analyzer 310 may be
configured to obtain information identifying the spatial posi-
tions of one or more sound sources of one or more predeter-
mined types while disregarding the sound sources not repre-
senting the one or more predetermined types from further
processing.

Thetype of a sound source of a composite audio signal may
indicate general characteristics of the respective sound
source. The information indicative of the type of a sound
source typically indicates the sound source to represent one of
one or more predetermined types of sound sources. In case the
type of a sound source cannot be identified, the information
indicative of the type of sound source may indicate an
unknown type for the respective sound source.

As an example, the type of a sound source may indicate
characteristics of the sound source at a high level, e.g. by
indicating a sound source to be a person, an animal, a vehicle,
a machine, an environmental sound source, etc. As another
example, the type of a sound source may indicate character-
istics of the sound source at a bit more detailed level, e.g. by
indicating a sound source to be an adult, a child, female, male,
a dog, a cat, a horse, a car, a certain piece of machinery, a
sound originating from a stream or a waterfall, etc. As a yet
another example, the type of a sound source may indicate
characteristics of the sound source at a personal level, e.g. by
identifying the sound source to be a specific person. More-
over, regardless of the level of detail of classification of the
sound sources, a sound source may be indicated to be of
unknown type.

Obtaining the information indicative of the spatial position
of a sound source of interest and/or the type of the sound
source of interest may comprise analyzing or evaluating
metadata associated with the composite audio signal. Such
metadata may comprise information regarding one or more
sound sources of the composite audio signal, information
regarding the ambient audio component of the composite
audio signal, channel configuration of the composite audio



US 9,319,821 B2

13

signal, origin of the composite audio signal, duration of the
composite audio signal, encoding/decoding format of the
composite audio signal, etc. Information regarding a sound
source of the composite audio signal may comprise informa-
tion regarding a spatial position of the sound source, type of
the sound source, (relative) signal level of the sound source,
frequency characteristics of the sound source, ILD and/or
ITD parameter(s) characterizing the spatial position of the
sound source, origin of the sound source, etc. The metadata
associated with the composite audio signal may have been
determined by pre-analysis of the composite audio signal at
the audio analyzer 310, at another processing unit or entity of
the apparatus 300, or at a processing unit or entity of another
apparatus.

Alternatively or additionally, obtaining the information
indicative of the spatial position of a sound source of interest
may comprise analyzing the audio signal content of the com-
posite audio signal in one or more of the channels of the
composite audio signal. The analysis of the audio signal con-
tent may comprise for example analyzing the audio signal in
one or more of the channels of the composite audio signal in
order to identify one or more sound sources and respective
spatial positions thereof in the composite audio signal. In
particular, the analysis of the audio signal content may com-
prise extracting one or more audio signal components repre-
senting a sound source of interest from the composite audio
signal and analyzing the one or more audio signal compo-
nents in order to obtain information indicative of the spatial
position of the sound source of interest, as described herein-
before. The spatial position of the sound source may be indi-
cated for example using the ILD(s) and ITD(s) for a number
of frequency bands for one or more channel pairs of the
multi-channel composite audio signal. As an alternative, or
addition, the spatial position of the sound source may be
indicated in a different manner, for example as a direction
with respect to a reference direction and a (relative) distance
from the listening point. The direction may be indicated for
example by one or more angles with respect to respective
reference directions, such as angles 210 and 250 discussed
hereinbefore.

Similarly, obtaining the information indicative of the type
of a sound source of interest may comprise analyzing the
audio signal content of the composite audio signal or the
content of the audio signal components extracted or separated
from the composite audio signal. A sound source may be
classified to represent a certain type of sound in case the
respective audio signal components exhibit audio signal char-
acteristics associated with the certain type of sound. Such
audio signal characteristics may include frequency character-
istics, temporal characteristics and/or characteristics or
parameter derivable from the frequency and/or temporal
characteristics. Audio signal characteristics associated with a
certain type of sound may be obtained for example from a
database containing descriptions of sound sources of differ-
ent type. Techniques for classifying a sound source to repre-
sent a certain type of sound are known in the art. Non-limiting
examples in this regard are provided e.g. in K. Umapathy et
al.,, “Audio Signal Feature Extraction and Classification
Using Local Discriminant Bases”, IEEE TRANSACTIONS
ON AUDIO, SPEECH, AND LANGUAGE PROCESSING,
VOL. 15, NO. 4, May 2007, N. Zhou et al., “Enhanced Class-
dependent Classification of Audio Signals”, 2009 World Con-
gress on Computer Science and Information Engineering,
Wen-Hung Liao, YiSyuan Su, “Classification of Audio Sig-
nals in All-Night Sleep Studies”, The 18th International Con-
ference on Pattern Recognition (ICPR’06), and Rainer Martin
and Anil Nagathil, “CEPSTRAL MODULATION RATIO

5

10

15

20

25

30

35

40

45

50

55

60

65

14

REGRESSION (CMRARE) PARAMETERS FOR AUDIO
SIGNAL ANALYSIS AND CLASSIFICATION”, ICASSP
2009.

The analysis of the audio signal content may comprise for
example analyzing the audio signals in one or more of the
channels of the composite audio signal or in one or more
audio signal components extracted or separated from the
composite audio signal in order to identify audio character-
istics meeting criteria associated with one of one or more
predetermined types. In case audio characteristics meeting
the criteria associated with a given predetermined type are
encountered, the respective sound source may be classified to
be of the given type, whereas in case the audio characteristics
of'a sound source do not fall within any of the predetermined
types the sound source may be classified to be of unknown
type.

The user interface controller 320 may be configured to
determine a position in a display of an apparatus, for example
a display of the apparatus 300, indicative of the spatial posi-
tion of a sound source, and to cause the apparatus to display an
item representing the sound source in the determined position
of the display. The item representing the sound source is
preferably determined or selected on basis of the type of the
sound source. In particular, the user interface controller 320
may be configured to determine the position in the display
indicative of the spatial position of a sound source and cause
displaying a respective item for a number of sound sources,
e.g. for each of the one or more sound sources for which the
spatial position in the audio image and type of the sound
source have been determined by the audio analyzer 310.

Preferably, the position of an item in a first direction of the
display is directly proportional to the horizontal component
of the spatial position of the corresponding sound source.
Additionally or alternatively, the position of the item in a
second direction of the display may be directly proportional
to the vertical component of the spatial position of the corre-
sponding sound source. In other words, the position of an item
in the display may indicate the horizontal component of the
spatial position of a sound source represented by the item, the
vertical component of the spatial position of the sound source
represented by the item, or both the horizontal and vertical
components of the spatial position of the sound source rep-
resented by the item. The first direction of the display may be
in parallel with lower and upper edges of a (rectangular)
display, whereas the second direction may be in parallel with
side edges of the (rectangular) display. Hence, the first direc-
tion may be referred to as a horizontal direction of the display
and the second direction may be referred to as vertical direc-
tion of the display, assuming that the apparatus/display is in
an upright position. In this regard, the display may represent
the full 180 degrees of the audio image in the horizontal
direction such that a horizontal position in the display directly
corresponds to the spatial position of the sound source in the
audio image in the horizontal direction. As an example, a
position in the left (right) boundary of the display may cor-
respond to a spatial position directly left (right) from the
listening point, whereas a position in the middle of the display
in the horizontal direction corresponds to a spatial position
directly in front of the listening point. In a similar manner, the
display may represent the full 180 degrees of the audio image
in the vertical direction such that e.g. a position in the upper
(lower) boundary of the display corresponds to a spatial posi-
tion directly above (below) the listening point, whereas a
position in the middle of the display in the vertical direction
corresponds to a spatial position directly in front of the lis-
tening point.
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A position of the item representing a sound source in a
display is schematically illustrated by an example in FIG. 4,
depicting an item 420 in the display 410, the item 420 being
indicative of the spatial position of a sound source of interest.
The horizontal and vertical dashed lines indicate the respec-
tive (imaginary) center axes of the audio image. Moreover,
the scales from -90 to 90 degrees in vertical and horizontal
directions illustrate the relationship between a position of an
item in the display 410 and the corresponding angles indicat-
ing the respective perceivable direction of arrival of the sound
source represented by the item. Thus, the exemplifying item
420 indicates a perceivable direction of arrival of approxi-
mately 35 degrees left from the vertical center axis of the
audio image and approximately 60 degrees above the hori-
zontal center axis of the audio image, i.e. the sound source
represented by the item 420 is positioned in the audio image
in the left side above the listening point. FI1G. 4 further illus-
trates another item 430 indicative of the spatial position of a
second sound source of interest on the horizontal center axis
of the audio image approximately 63 degrees right from the
vertical center axis of the audio image, i.e. the second sound
source of interest is positioned in the audio image in the right
side at the level of the listening point.

Instead of the display representing the full 180 degrees of
audio image in horizontal and/or in vertical directions, the
scale of the display may be adapted to the observed positions
of'the sound sources in the composite audio signal of interest.
As an example, a sound source furthest away from the respec-
tive center axis of the audio image may be used to set the
absolute value ofthe end points ofthe scale used in the display
in the respective direction. For example, in FIG. 4 the item
430 positioned approximately 63 degrees left from the center
axis could be used as basis for setting the scale of positions in
the display from —63 to 63 degrees or to a slightly wider scale,
e.g. from -65 to 65 degrees, whereas the item 420 positioned
approximately 60 degrees above the center axis could be used
as basis for setting the scale of positions in the display from
-60 to 60 degrees.

As another example of a scale of positions different from
the full 180 degrees of audio image in horizontal and/or
vertical directions, a predetermined scale or predetermined
scales may be employed. The predetermined scale or scales
may be determined, for example, on basis of a field of view
provided by an image or a video segment associated with the
composite audio signal, the predetermined scale or scales
thereby corresponding to the field of view of the image or the
video segment. Consequently, the items representing the spa-
tial positions of the sound source that are outside the field of
view of the image or the video segment are not displayed.
Instead, an item representing a spatial position of a sound
source being outside the audio image currently represented in
the display may be displayed, such item possibly further
providing an indication of the spatial position of the respec-
tive sound source.

Instead of the full display being used to represent the audio
image of the composite audio signal, e.g. a window or a
corresponding item covering a desired portion of the display
may be used to represent the audio image of the composite
audio signal.

In case there is an image or a video segment associated with
the composite audio signal, the image or the video segment
may be displayed on the display together with the one or more
items representing respective sound sources of the composite
audio signal. In particular, the one or more items representing
the respective sound sources of the composite audio signal are
positioned in the display such that their positions essentially

40

45

55

60

16

coincide with positions of the respective objects of the dis-
played image or a video segment.

The item representing a sound source may comprise an
image, text and/or other information indicative of the respec-
tive sound source and/or the type of the sound source. Each of
the one more predetermined types of sound sources may have
e.g. a predetermined image and/or a predetermined piece of
text indicative of the respective type of sound source associ-
ated therewith. The predetermined images and/or pieces of
text may be stored in a memory of the apparatus 300 or in a
memory of another apparatus accessible by the user interface
controller 320. The item may comprise a figure, e.g. an icon,
comprising a shape illustrating the respective type, e.g. a
human shape illustrating a person as the sound source, a dog
illustrating an animal as the sound source, a car illustrating a
vehicle as the sound source, a question mark illustrating a
sound source of unknown or unidentifiable type—each pos-
sibly provided together with a short explanatory text (e.g.
“person”, “animal”, “vehicle”; “unknown”, . . . ). As another
example, the item may comprise an image and/or name of a
specific person in case such information is available or oth-
erwise identifiable on basis of the sound source or on basis of
animage and/or video segment associated with the composite
audio signal comprising the sound source.

Alternatively or additionally, the item representing the
sound source may comprise any information e.g. available in
the metadata that may be associated with the composite audio
signal and the sound sources comprised therein and/or any
information that may be extracted by audio signal analysis of
the composite audio signal and/or on basis of analysis of an
image and/or video segment associated with the composite
audio signal.

The item representing the sound source and/or e.g. an
image comprised therein may have a size that is proportional
to its relative signal level in the audio image. In other words,
in case a first sound source in an audio image exhibits higher
signal level, e.g. average energy, than a second sound source
in the audio image, the item representing the first sound
source may be larger in size than the item representing the
second sound source—and vice versa.

An example of items representing sound sources is pro-
vided in FIG. 5. The display 510 depicts three items, each
representing a respective sound source of a composite audio
signal: item 520 depicts a question mark as an indication of a
sound source of unidentified type, item 530 depicts a person
who has been identified and hence also the name of the person
is provided as part of the item 530 together with the image of
the person, and item 540 depicts a generic figure of a dog
indicating a sound source that has been identified as a (bark-
ing) dog. While the items 530 and 540 are depicted as having
essentially similar sizes, hence indicating essentially similar
signal levels for the corresponding sound sources, the item
520 is depicted as smaller than the two other items, indicating
that the sound source represented by the item 520 has a lower
signal level—and hence presumably appears to be further
away from the listening point—than the other two items.

The user interface controller 320 may be configured to
receive an indication of a user action associated with an item
representing a sound source of the composite audio signal.
The sound source subjected to a user action may be referred to
as a selected sound source.

The user interface controller 320 may be further configured
to determine an indication of a user selected modification of
the audio image on basis of the received indication of the user
action associated with the item representing the selected
sound source of the composite audio signal. The user selec-
tion may involve the user using a mouse, a touchpad or a
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corresponding arrangement together with a respective action
button to make the selection. Additionally or alternatively, the
user selection may involve the user using a finger, a stylus or
a corresponding pointing device to perform an action on a
touchscreen to make the selection.

The indication of the user action may comprise an indica-
tion of the user ‘pinching’13 or having ‘pinched’—an item
representing the selected sound source and the extent of
‘pinching’. Consequently, the respective user selected modi-
fication of the selected sound source may comprise an indi-
cation or a wish to change the signal level of the sound source
of interest in accordance with the extent of pinching.

The ‘pinching’ may involve the user placing two fingers on
a portion of a touchscreen display depicting the item indica-
tive of the sound source of interest, sliding the two fingers
along the surface of the touchscreen further apart from each
other, and lifting the one or both fingers from the surface of
the touchscreen, resuiting in an indication of the user selected
modification to indicate a wish to change the level of the
selected sound source to a higher level. The extent of “pinch-
ing’ may indicate the distance of sliding the two fingers fur-
ther apart from each other along the surface of the touch-
screen, or it may merely indicate the fact that a ‘pinching’
involving sliding the fingers further apart has taken place.
Consequently, the resulting change of level may be directly
proportional to the extent of ‘pinching’, i.e. the extent of
movement of the two fingers further apart from each other
from their initial position on the touchscreen, or the resulting
change of level may be a predetermined step towards a higher
level, respectively.

On the other hand, the ‘pinching’ may involve the user
placing two fingers on a portion of a touchscreen display
depicting the item indicative of the sound source of interest,
sliding the two fingers along the surface of the touchscreen
closer to each other, and lifting one or both fingers from the
surface of the touchscreen, resulting in an indication of the
user selected modification to indicate a wish to change the
level of the selected sound source to a lower level. The extent
of ‘pinching’ may indicate the distance of sliding the two
fingers closer to each other along the surface of the touch-
screen, or it may merely indicate the fact that a ‘pinching’
involving sliding the fingers closer to each other has taken
place. Consequently, the resulting change of level may be
directly proportional to the extent of ‘pinching’, i.e. the extent
of movement of the two fingers closer to each other from their
initial position on the touchscreen, or the resulting change of
level may be a predetermined step towards a lower level,
respectively.

The user interface controller 320 may be configured, in
response to a user ‘pinching’ an item in the display, to cause
the apparatus 300 to change the size of the item in the display
in accordance with the direction and/or the extent of ‘pinch-
ing’.

The indication of the user action may comprise an indica-
tion of a user moving an item representing a selected sound
source into a second position in the display. Consequently, the
respective indication of the user selected modification com-
prises an indication to change the spatial position of the
selected sound source to correspond to the second position in
the display. Hence, the user action may comprise the user
‘dragging and dropping’ the item representing the selected
sound source displayed on the display from its original posi-
tion to a second position in the display, where the second
position in the display is indicative of the user selected new
spatial position of the selected sound source in the audio
image.
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Inparticular, the user action may comprise the user placing
a finger, a stylus or a corresponding pointing device on a
portion of a touchscreen display depicting the item represent-
ing the selected sound source, sliding the finger/stylus along
the surface of the touchscreen to a desired position, and lifting
the finger/stylus from the touchscreen at the desired position
thereby indicating the second position in the display. Similar
operation may be implemented using a mouse, a touchpad or
a corresponding arrangement by the user moving the cursor
on a portion of a display depicting the item representing the
selected sound source, pressing the action button of the
mouse/touchpad to select to item, using the mouse/touchpad
to move the cursor/item to a desired position, and releasing
the action button at the desired position thereby indicating the
second position in the display. FIG. 6 schematically illus-
trates moving the item 530 from its original position to a new
position.

The user interface controller 320 may be configured, in
response to a user ‘dragging and dropping’ an item in the
display from its original position to a second position, to
cause the apparatus 300 to display the item in the second
position instead of the original position.

The indication of the user action may comprise an indica-
tion of the user selecting an item representing a selected
sound source. The selection may comprise the user using a
mouse, a touchpad or a corresponding arrangement to move
the cursor on a portion of the display depicting the item
representing the selected sound source and pressing and
releasing, e.g. clicking or double-clicking, the action button
of the mouse/touchpad while the cursor remains on or in
immediate proximity of the portion of the display depicting
the item representing the selected sound source. Similar
operation may be performed by using a finger, a stylus or a
corresponding pointing device on a touchscreen e.g. by plac-
ing the finger/stylus on a portion of a touchscreen display
depicting the item representing the selected sound source and
lifting the finger/stylus from the touchscreen while the finger/
stylus remains on or in immediate proximity of the portion of
the display depicting the item representing the selected sound
source.

The user interface controller 320 may be configured to
cause the apparatus 300 to display, in response to a user
selecting an item representing a selected sound source, a
number of options for modification of the selected sound
source and, consequently, the indication of the user selected
modification may comprise, in response to a user selecting
one of the number of options, an indication of the user
selected option. The indication of the user selected modifica-
tion may further comprise a parameter associated with the
user selected option.

The number of options may be displayed as a list of
options, formatted e.g. as a menu, overlaid on the portion of
the display depicting the item representing the selected sound
source or in its proximity. Alternatively, the list of options
may be displayed elsewhere in the display, for example a
dedicated window, provided with a title identifying the
selected sound source may be opened in predetermined or
random position of the display. As a yet further alternative, the
list of options may be displayed in a predetermined portion of
the display, formatted as a menu or using another suitable
format. Consequently, the user may use a mouse, a touchpad,
a finger, a stylus, etc. to select an option from the list of
options.

The number of options may comprise for example an
option to replace the selected sound source with a second
sound source, an option to change the signal level of the
selected sound source, an option to change the spatial position
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of the selected sound source, an option to introduce a new
sound source to the audio image, an option to cancel or
remove the selected sound source from the audio image or any
combination thereof, possibly together with one or more fur-
ther options.

As an example of the options displayed to the user on the
display, the option to replace a sound source with a second
sound source may comprise an option to replace the selected
sound source with another sound source of the composite
audio signal. Alternatively or additionally, the option to
replace a sound source may comprise an option to replace the
selected sound source with a sound source that is independent
of the composite audio signal, for example with a sound
source stored in a memory of the apparatus 300 or in a
memory of another apparatus accessible by the apparatus
300. The option to replace a sound source with a second sound
source may comprise a number of sub-options, as schemati-
cally illustrated by an example in FIG. 7. The list of options
610 provides an option to replace the selected sound source,
i.e. the sound source represented by the item 530, including a
number of sub-options: an option 612 to replace the selected
sound source with the sound source of unidentified type of the
composite audio signal represented by the item 510, an option
614 to replace the selected sound source with the sound
source represented by the item 540 identified as a dog, and an
option 616 to replace the selected sound source with a sound
source stored in a file. In response to user selecting the option
616, the apparatus 300 may be configured to open a list of
sound sources available at the apparatus 300 or to open a
selection window or a corresponding arrangement enabling
the user to browse files stored in a memory in order to choose
a desired sound source. An indication of the user chosen
sound source to be used to replace the selected sound source
may be included as parameter in the indication of the user
selected modification of the audio image.

The user interface controller 320 may be configured, in
response to a user selecting an option to replace the selected
sound source with another sound source of the composite
audio signal, to cause the apparatus to interchange the posi-
tions of the respective items on the display. The user interface
controller 320 may be configured, in response to a user select-
ing an option to replace the selected sound source with a
sound source independent of the composite audio signal, to
determine the type of the new sound source and cause the
apparatus 300 to display an item representing the new sound
source, the item being determined on basis of the type of the
new sound source, instead of the item representing the
selected sound source.

As another example of the options displayed to the user on
the display, the option to change the signal level of the
selected sound source may comprise a number of sub-op-
tions, for example an option to decrease the signal level by a
predetermined amount, an option to increase the signal level
by a predetermined amount and/or an option that enables a
user to provide an indication of the desired signal level. FIG.
8 schematically illustrates an example of sub-options to
change the signal level of the selected sound source as an
exemplifying list of options 710 comprising an option 712 to
change the signal level of the selected sound source to 90% of
the current signal level, an option 714 to change the signal
level of the selected sound source to 110% of the current
signal level and an option 716 enabling provision of a desired
signal level, e.g. as a percentage of the current signal level, by
the user. Moreover, the list of options 710 comprises an option
718 that enables muting, e.g. cancelling or removing, the
selected sound source from the audio image. In response to
user selecting the option 716, the apparatus 300 may be
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configured to open a selection window or a corresponding
arrangement that enables the user to provide the desired sig-
nal level. An indication of the desired signal level or a change
thereof may be included as parameter in the indication of the
user selected modification of the audio image.

The user interface controller 320 may be configured, in
response to a user selecting an option to change the signal
level of the selected sound source, to cause the apparatus 300
to change the size of the respective item in the display in
accordance with the new level of the selected sound source.
Similarly, the user interface controller 320 may be config-
ured, in response to a user selecting an option to cancel the
selected sound source from the audio image, cause the appa-
ratus 300 to remove the respective item from the display.

The audio processor 330 may be configured to receive or
obtain the indication of the user selected modification of the
audio image and to modify the composite audio signal in
accordance with the user selected modification.

Depending on the user selection, the processing to modify
the composite audio signal resulting from the user selected
modification may involve, as described hereinbefore, chang-
ing a signal level of the selected sound source, repositioning
the selected sound source in a new spatial position in the
audio image, interchanging the spatial position of the selected
sound source with that of another sound source of the com-
posite audio signal, replacing the selected sound source with
a sound source independent of the composite audio signal,
cancellation of the selected sound source, introduction of a
new sound source to the composite audio signal, etc.

The audio processor 330 may be configured to modify the
audio signal content of the composite audio signal, as
described hereinbefore, in order to implement the user-se-
lected modification of the audio image. Alternatively or addi-
tionally, the audio processor 330 may be configured to modify
or introduce metadata associated with the composite audio
signal to modify or indicate the characteristics of the com-
posite audio signal and/or one or more sound sources com-
prised therein to account for and/or to indicate the user-
selected modification of the audio image.

In case the modified characteristics of the composite audio
signal are indicated in the metadata only, the apparatus 300, or
another apparatus, may be configured to modify the audio
signal content of the composite audio signal upon playback of
the composite audio signal in order to realize the indicated
modifications into audible form.

The operations, procedures and/or functions carried out by
an apparatus during playback of a composite audio signal in
accordance with an embodiment of the invention are
described in the following with references to an exemplifying
process 900 illustrated by a flowchart of FIG. 9.

In accordance with the exemplitfying embodiment of the
invention, an apparatus, such as the apparatus 300, may be
configured to access a memory storing a composite audio
signal comprising one or more sound sources. Moreover, the
memory may also store metadata associated with the com-
posite audio signal and/or with the sound sources of the
composite audio signal.

The process 900 may start by setting an identifier i to
indicate a first sound source of the composite audio signal
(e.g. i=1). The apparatus may be configured to identify the
spatial position of the sound source i in the audio image of the
composite audio signal, as indicated in step 910. The appa-
ratus may be further configured to determine—or attempt to
determine—the type of the identified sound source i, as indi-
cated in step 920. In case the type of the sound source i is
determinable, the apparatus may be configured to determine
and/or obtain an item representing the sound source i on the
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display, as indicated in step 930. In contrast, in case the type
of'the sound source i cannot be determined, the apparatus may
be configured to determine and/or obtain a generic icon to
represent the sound source i on the display, as indicated in step
940.

The apparatus may be further configured to determine a
position of a display corresponding to the spatial position of
the sound source 1, as indicated in step 950, and the apparatus
may be configured to display the item representative of the
sound source i in the display, as indicated in step 960. The
apparatus may be further configured to identify—e.g. on
basis of the metadata associated with the composite audio
signal or sound sources comprised in the composite audio
signal or on basis of a command or indication received from
auser interface of the apparatus—whether the sound source i
is to be repositioned from its original position. In case an
indication to reposition the sound source i is identified, the
indication may further comprise indication of the new spatial
position of the sound source i in the audio image. The appa-
ratus is configured to isolate the sound source from the com-
posite audio signal and modify the composite audio signal
such that the sound source i is repositioned in the new spatial
position in the audio image, as indicated in step 970.

In case the sound source iis not to be repositioned or once
the repositioning of the sound source i has been carried out,
the apparatus is configured to identify—e.g. on basis of the
metadata associated with the composite audio signal or sound
sources comprised in the composite audio signal or on basis
of'a command or indication received from a user interface of
the apparatus—whether the sound source i is to be replaced
with another sound source. In case an indication to replace the
sound source i with a second sound source is identified, the
apparatus is configured to isolate the sound source i from the
composite audio signal, attenuate the respective audio signal
components of the composite audio signal, and modify the
composite audio signal by inserting the second sound source
in the spatial position of the sound source i in the audio image,
as indicated in step 980. The indication to replace the sound
source i may further comprise indication of the second sound
source.

In case the sound source i is not be replaced or once the
replacement of the sound source i has been carried out, the
apparatus may be configured to select the next sound source
of the composite audio signal and continue to process from
step 910, as indicated in step 990. The selection of the next
sound source may comprise setting the identifier i to indicate
the next sound source (e.g. i=i+1). Moreover, assuming that
the composite audio signal comprises N sound source, the
selection of the next sound source may further comprise
selecting the first sound source in case the sound source i was
the N:th sound source (e.g. if i>N then i=1).

The apparatus may be configured to carry out the process
900 until the playback of the composite audio signal is com-
pleted. The processing may involve processing the composite
audio signal in temporal segments referred to as audio frames,
in other words the apparatus may be configured to carry out
one iteration round of the process 900 for each sound source
of'the composite audio signal (e.g.i=1, ..., N) for each audio
frame of the composite audio signal. An audio frame may
have a duration e.g. in the range 10 to 100 ms.

The operations, procedures and/or functions assigned to
the structural units of the apparatus 300, i.e. to the audio
analyzer 310, to the user interface controller 320 and to the
audio processor 330, may be divided between these units in a
different manner. Moreover, the apparatus 300 may comprise
further units that may be configured to perform some of the
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operations, procedures and/or functions assigned to the
above-mentioned processing units.

On the other hand, the operations, procedures and/or func-
tions assigned to the audio analyzer 310, to the user interface
controller 320 and to the audio processor 330 may be assigned
to a single processing unit within the apparatus 300 instead. In
particular, the apparatus 300 may comprise means for obtain-
ing information indicative of spatial positions of one or more
sound sources within an audio image of a composite audio
signal, means for obtaining information indicative of the
types of the one or more sound sources, means for determin-
ing, for each of the one or more sound sources, a positionin a
display of the apparatus indicative of the spatial position of
the sound source, means for causing an apparatus to display,
for each of the one or more sound sources, an item represent-
ing the sound source in the respective determined position in
the display, wherein the item representing the sound source is
determined on basis of the type of the sound source, means for
receiving an indication of a user action associated with an
item indicative of a selected sound source, means for deter-
mining an indication of a user selected modification of the
audio image on basis of the user action, and means for modi-
fying the composite audio signal in accordance with the user
selected modification.

The operations, procedures and/or functions described
hereinbefore in context of the apparatus 300 may also be
expressed as steps of a method implementing the correspond-
ing operation, procedure and/or function. As an example,
FIG. 10 illustrates a method 1000 in accordance with an
embodiment of the invention. The method 1000 comprises
obtaining information indicative of spatial positions of one or
more sound sources within an audio image of a composite
audio signal, as indicated in step 1010. The method 1000
further comprises obtaining information indicative of the
types of the one or more sound sources, as indicated in step
1020. The method 1000 further comprises determining, for
each ofthe one or more sound sources, a position in a display
of'the apparatus indicative of the spatial position of the sound
source, as indicated in step 1030. The method 1000 further
comprises causing an apparatus to display an item represent-
ing the sound source in the determined position in the display,
wherein the item representing the sound source is determined
on basis of the type of the sound source, as indicated in step
1040. The method 1000 further comprises receiving an indi-
cation of a user action associated with an item indicative of a
first sound source, as indicated in step 1050. The method 1000
further comprises determining an indication of a user selected
modification of the audio image on basis of the user action, as
indicated in step 1060. The method 1000 further comprises
modifying the composite audio signal in accordance with the
user selected modification, as indicated in step 1070.

FIG. 11 schematically illustrates an apparatus 1100 in
accordance with an embodiment of the invention. The appa-
ratus 1100 may be used as the audio processing apparatus 300
or the apparatus 1100 may comprise the audio processing
apparatus 300. The apparatus 1100 may be an end-product or
a module, the term module referring to a unit or an apparatus
that excludes certain parts or components that may be intro-
duced by an end-manufacturer or by a user to result in an
apparatus forming an end-product.

The apparatus 1100 may be implemented as hardware
alone (e.g. a circuit, a programmable or non-programmable
processor, etc.), the apparatus 1100 may have certain aspects
implemented as software (e.g. firmware) alone or can be
implemented as a combination of hardware and software.

The apparatus 1100 may be implemented using instruc-
tions that enable hardware functionality, for example, by
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using executable computer program instructions in a general-
purpose or special-purpose processor that may be stored on a
computer readable storage medium (disk, memory etc) to be
executed by such a processor.

In the example of FIG. 11 the apparatus 1100 comprises a
processor 1110, a memory 1120 and a communication inter-
face 1130, such as a network card or a network adapter
enabling wireless or wireline communication with another
apparatus. The processor 1110 is configured to read from and
write to the memory 1120. The apparatus 1100 may further
comprise a user interface 1140 for providing data, commands
and/or other input to the processor 1110 and/or for receiving
data or other output from the processor 1110, the user inter-
face 1140 comprising for example one or more of a display, a
keyboard or keys, a mouse or a respective pointing device, a
touchscreen, etc. The apparatus 1100 may comprise further
components not illustrated in the example of FIG. 11.

Although the processor 1110 is presented in the example of
FIG. 11 as single component, the processor 1110 may be
implemented as one or more separate components. Although
the memory 1120 in the example of FIG. 11 is illustrated as a
single component, the memory 1120 may be implemented as
one or more separate components, some or all of which may
be integrated/removable and/or may provide permanent/
semi-permanent/dynamic/cached storage

The apparatus 1100 may be embodied for example as a
mobile phone, a camera, a video camera, a music player, a
gaming device, a laptop computer, a desktop computer, a
personal digital assistant (PDA), an internet tablet, a televi-
sion set, etc.

The memory 1120 may store a computer program 1150
comprising computerexecutable instructions that control the
operation of the apparatus 1100 when loaded into the proces-
sor 1110. As an example, the computer program 1150 may
include one or more sequences of one or more instructions.
The computer program 1150 may be provided as a computer
program code. The processor 1110 is able to load and execute
the computer program 1150 by reading the one or more
sequences of one or more instructions included therein from
the memory 1120. The one or more sequences of one or more
instructions may be configured to, when executed by one or
more processors, cause an apparatus, for example the appa-
ratus 1100, to implement processing according to one or more
embodiments of the invention described hereinbefore.

Hence, the apparatus 1100 may comprise at least one pro-
cessor 1110 and at least one memory 1120 including com-
puter program code for one or more programs, the at least one
memory 1120 and the computer program code configured to,
with the at least one processor 1110, cause the apparatus 1100
to perform processing in accordance with one or more
embodiments of the invention described hereinbefore.

The computer program 1150 may be provided at the appa-
ratus 1100 via any suitable delivery mechanism. As an
example, the delivery mechanism may comprise at least one
computer readable non-transitory medium having program
code stored thereon, the program code which when executed
by an apparatus cause the apparatus at least implement pro-
cessing in accordance with an embodiment of the invention,
such as the method 1000 described hereinbefore. The delivery
mechanism may be for example a computer readable storage
medium, a computer program product, a memory device a
record medium such as a CD-ROM or DVD, an article of
manufacture that tangibly embodies the computer program
1150. As a further example, the delivery mechanism may be
a signal configured to reliably transfer the computer program
1150.

25

40

45

24

Reference to a processor should not be understood to
encompass only programmable processors, but also dedi-
cated circuits such as field-programmable gate arrays
(FPGA), application specific circuits (ASIC), signal proces-
sors, etc. Features described in the preceding description may
be used in combinations other than the combinations explic-
itly described. Although functions have been described with
reference to certain features, those functions may be perform-
able by other features whether described or not. Although
features have been described with reference to certain
embodiments, those features may also be present in other
embodiments whether described or not.

The invention claimed is:

1. A method comprising

obtaining information indicative of spatial positions of one

or more sound sources within an audio image of a com-
posite audio signal,

obtaining information indicative of the types of the one or

more sound sources,

determining, for each of the one or more sound sources, a

position in a display of an apparatus indicative of the
spatial position of the sound source and causing the
apparatus to display an item representing the sound
source in the determined position in the display, wherein
the item representing the sound source is determined on
basis of the type of the sound source

receiving an indication of a user action associated with an

item indicative of a first sound source, determining an
indication of a user selected modification of the audio
image on basis of the user action, and

modifying the composite audio signal in accordance with

the user selected modification.

2. The method according to claim 1, wherein obtaining
information indicative of spatial positions of one or more
sound sources within an audio image of a composite audio
signal and obtaining information indicative of the types of the
one or more sound sources comprise analyzing the audio
signal content of the composite audio signal in one or more
channels to obtain information indicative of spatial positions
of the one or more sound sources and/or types thereof.

3. The method according to claim 2, wherein obtaining
information indicative of spatial positions of one or more
sound sources within an audio image of a composite audio
signal and obtaining information indicative of the types of the
one or more sound sources comprise

extracting one or more audio signal components represent-

ing a given sound source from the composite audio sig-
nal,

analyzing the one or more audio signal components to

obtain information indicative of the spatial position of
the given sound source, and

analyzing the one or more audio signal components to

obtain information indicative of the type of the given
sound source.

4. The method according to claim 1, wherein obtaining
information indicative of spatial positions of one or more
sound sources within an audio image of a composite audio
signal and obtaining information indicative of the types of the
one or more sound sources comprise analyzing metadata
associated with the composite audio signal to obtain informa-
tion indicative of spatial positions of the one or more sound
sources and/or types thereof.

5. The method according to claim 1, wherein said item
representing a sound source comprises an image and/or text
indicative of the type of the sound source.

6. The method according to claim 1, wherein the indication
of'the user action comprises an indication of the user pinching
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the item representing the selected sound source and the extent
of pinching, and wherein the indication of the user selected
modification comprises an indication to change the signal
level of the selected sound source in accordance with the
extent of pinching.

7. The method according to claim 1, wherein the indication
of'the user action comprises an indication of the user moving
the item representing the selected sound source into a second
position in the display, and wherein the indication of the user
selected modification comprises an indication to change the
spatial position of the selected sound source within the audio
image to correspond the second position in the display.

8. The method according to claim 1, wherein the indication
of'the user action comprises an indication of the user selecting
the item representing the selected sound source, wherein the
user interface controller is further configured to cause the
apparatus to display, in response to a user selecting the item,
a number of options for modification of the selected sound
source, and wherein the indication of the user selected modi-
fication comprises, in response to a user selecting one of the
number of options, an indication of the user selected option.

9. The method according to claim 8, wherein the indication
of the user selected modification further comprises a param-
eter associated with the user selected option.

10. The method according to claim 8, wherein the number
of options comprise one or more of the following:

replacement of the given sound source with a second sound

source,

change of the signal level of the given sound source,

change of the spatial position of the given sound source,

and

cancellation of the given sound source.

11. An apparatus comprising at least one processor and at
least one memory including computer program code for one
or more programs, the at least one memory and the computer
program code configured to, with the at least one processor,
cause the apparatus to perform at least the following:

obtain information indicative of spatial positions of one or

more sound sources within an audio image of a compos-
ite audio signal,

obtain information indicative of the types of the one or

more sound sources;

determine, for each of the one or more sound sources, a

position in a display of the apparatus indicative of the
spatial position of the sound source and cause the appa-
ratus to display an item representing the sound source in
the determined position in the display, wherein the item
representing the sound source is determined on basis of
the type of the sound source,

receive an indication of a user action associated with an

item representing a selected sound source, determine an
indication of a user selected modification of the audio
image on basis of the user action; and

modify the composite audio signal in accordance with the

user selected modification.

12. The apparatus according to claim 11, wherein obtain-
ing information indicative of spatial positions of one or more
sound sources within an audio image of a composite audio
signal and obtaining information indicative of the types of the
one or more sound sources comprise analyze the audio signal
content of the composite audio signal in one or more channels
to obtain information indicative of spatial positions of the one
or more sound sources and/or types thereof.

13. The apparatus according to claim 12, wherein obtain-
ing information indicative of spatial positions of one or more
sound sources within an audio image of a composite audio
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signal and obtaining information indicative of the types of the
one or more sound sources comprise
extract one or more audio signal components representing
a given sound source from the composite audio signal,

analyze the one or more audio signal components to obtain
information indicative of the spatial position of the given
sound source, and

analyze the one or more audio signal components to obtain

information indicative of the type of the given sound
source.

14. The apparatus according to claim 11, wherein obtain-
ing information indicative of spatial positions of one or more
sound sources within an audio image of a composite audio
signal and obtaining information indicative of the types of the
one or more sound sources comprise analyze metadata asso-
ciated with the composite audio signal to obtain information
indicative of spatial positions of the one or more sound
sources and/or types thereof.

15. The apparatus according to claim 11, wherein said item
representing a sound source comprises an image and/or text
indicative of the type of the sound source.

16. The apparatus according to claim 11, wherein the indi-
cation of the user action comprises an indication of the user
pinching the item representing the selected sound source and
the extent of pinching, and wherein the indication of the user
selected modification comprises an indication to change the
signal level of the selected sound source in accordance with
the extent of pinching.

17. The apparatus according to claim 11, wherein the indi-
cation of the user action comprises an indication of the user
moving the item representing the selected sound source into a
second position in the display, and wherein the indication of
the user selected modification comprises an indication to
change the spatial position of the selected sound source
within the audio image to correspond the second position in
the display.

18. The apparatus according to claim 11, wherein the indi-
cation of the user action comprises an indication of the user
selecting the item representing the selected sound source,
wherein the user interface controller is further configured to
cause the apparatus to display, in response to a user selecting
the item, a number of options for modification of the selected
sound source, and wherein the indication of the user selected
modification comprises, in response to a user selecting one of
the number of options, an indication of the user selected
option.

19. The apparatus according to claim 18, wherein the num-
ber of options comprise one or more of the following:

replacement of the given sound source with a second sound

source,

change of the signal level of the given sound source,

change of the spatial position of the given sound source,

and

cancellation of the given sound source.

20. A computer program product comprising at least one
computer readable non-transitory medium having program
code stored thereon, the program code which when executed
by an apparatus cause the apparatus at least to perform:

obtain information indicative of spatial positions of one or

more sound sources within an audio image of a compos-
ite audio signal,

obtain information indicative of the types of the one or

more sound sources;

determine, for each of the one or more sound sources, a

position in a display of the apparatus indicative of the
spatial position of the sound source and cause the appa-
ratus to display an item representing the sound source in
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the determined position in the display, wherein the item
representing the sound source is determined on basis of

the type of the sound source,

receive an indication of a user action associated with an
item representing a selected sound source, determine an
indication of a user selected modification of the audio
image on basis of the user action; and

modify the composite audio signal in accordance with the
user selected modification.
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